Introduction
The reliable identification of the critically ill or deteriorating child has been both the Holy Grail and Achilles' heel of paediatric practice for some time. It is well recognised that paediatric in-patients who die or subsequently require intensive care often show signs of physiological and behavioural disturbance prior to arrest or collapse [1] . As a result one of the recommendations in the Confidential Enquiry into Maternal and Childhood report "Why Children Die" stated:
" For paediatric care in hospital we recommend a standardised and rational monitoring system with imbedded early identification systems for children developing critical illness -an early warning score". [2] The NPSA "Review of patient safety for children and young people" in 2009 supported this view [3] as have the National Institute for Clinical Excellence [4] . In the UK it is therefore incumbent on providers of inpatient paediatric services to review their monitoring systems. The important of this is highlighted by the NHS outcomes framework which contains a specific indicator "Incidence of harm to children due to 'failure to monitor' [5] . A cross sectional survey of United Kingdom (UK ) hospitals in 2005 found only a small proportion of units were using them. The questionnaire determined,
"that 21.5% of the 144 NHS Trusts that care for children as inpatients have an early warning system, but there is no consistency of approach"[6]
A lack of definition of true purpose and anecdotal reports they increase workload rather than improve patient safety has often created mistrust in their use. Reciprocally the increasing use of short stay units and pressures on out-of-hours services have prompted their introduction in acute assessment areas although in this context they may be considered serious illness identification aids rather than true "early warning" scores.
It is important for patient safety, clinical governance and for health care professional education that all units have established mechanisms by which children who require enhanced care can be easily recognised. One such, but not the only, mechanism is an early warning score (EWS). Although relevant literature will be discussed this article is not intended to be a systematic review of EWS as this has been recently performed [7] . The aim is to describe the background to their development and identify common issues to provide information for units interested in introducing an EWS into their department. The term EWS in this article refer to paediatric systems unless stated in the text.
Background Information

The First Scoring Systems
It may be considered that triage was the first real use of a 'score' based system to identify illness. However in its original context it was used to identify those individuals, out of a large amount of casualties, who needed the most urgent intervention. Adult and Paediatric EWS represent a means of identifying deterioration in those already deemed to have some medical need and therefore are different from triage (Table One) . Whether they are relevant to illness identification at initial point of contact is not something that has been clearly delineated. If we are expansive in our inclusion of such systems one of the earliest scores to be published was the Yale system developed by McCarthy et al. In the early eighties he created an observation scale to identify serious illness in febrile children and identified six observational items ( Table Two) that were independent predictors of serious illness [8] . The latter defined as the culture of a bacterial pathogen in normally sterile tissue culture or any abnormalities of electrolytes, chest radiographs or blood gases. In this United States primary care cohort 11.9% (37/312) patients aged less than 24 months were subsequently found to have serious illness. The initial Yale score had a sensitivity of 77%, specificity of 88%, and a positive predictive value of 56% i.e just over 20% of children had a serious illness when the Yale Score predicted there should be none. Of note no child who smiled normally in this study had a serious illness.
The use of sensitivity and specificity to describe EWS and other measures of illness identification is often performed. However to meaningfully compare studies the outcomes must be identical and the overall incidence of disease measured. In Chapman et al's. systematic review [7] values of false negative rates were between 10-22% and it was noted a number of studies failed to or incorrectly calculated the figures.
Table One
Different types of Scoring System
Triage This is a technique to determine, in a rapid fashion, the priority in which a patient must be seen. It was originally used during mass casualty events where there may be very well and very unwell patients. Technically it is therefore NOT an early warning system as it validated to determine the speed in which a patient must be seen.
Illness Identification Systems
These use individual patient characteristics (or combinations of characteristics) to define a risk a patient may have of a specific condition. This commonly applies to serious bacterial illness but, for example, may also be used in outcome prediction on admission to Paediatric Intensive Care Units.
Early Warning Scores Traditionally these are used on hospital wards to identify (already unwell children) who are at risk of deterioration to prevent intensive care admission or cardio-respiratory arrest
The Yale study's wide inclusion criteria for serious illness, and that fact that it was not designed as an EWS in the conventional sense, means it is not validated for in-hospital use today. It does however form the back bone for the NICE Feverish illness in Children Guideline. The high incidence rate of serious illness in the Yale Study was in a primary care group who you would have expected to have had a lower pre-test probability of serious illness than a hospital cohort. The european research network on recognising serious infection investigators (ERNIE) highlighted the importance of understanding the effect pre-test probability has on the function of illness identification [9] . Although they were not specifically looking at EWS you can imagine that a tool identifying patients based on a post operative recovery ward following grommet surgery maybe at a lesser risk and type of deterioration than those following emergency surgery. The utility of the score therefore being very dependent on the characteristics of the population it is being used on. [8] A decade after the Yale score Morley et al. developed the Baby Check score [10] . This system was designed to detect serious illness in infants under six months old. It has been validated in settings outside its initial location of use including countries beyond the UK. However those who have attempted to develop EWS soon discover that controlling for variation in physiology as you grow older makes the creation of an age unifying chart problematic. This may explain the reason following the Yale and Baby Check publications there seemed to be a nadir in published scoring systems for children.
The adult experience
It wasn't until in adult practice there was increasing realisation that patients were dying on hospital wards with potential warning signs being present nearly 24 hours before their deaths [11] that national guidance began to appear. In 2003 the NHS modernisation agency [12] coined the term "Track and Trigger system" to bring together all the possible types of EWS that existed at that time. This was followed by NICE guidance [4] on managing the acutely ill adult in hospital which contained some definitions regarding the different types of track and trigger systems available (table three). An RCP report clearly found in favour of EWS and recommended an NHS warning score be used nationally in adult practice [13] although this has been challenged due the large heterogeneity of the population it is used on [14] . Table Three The NICE group divided known Track and Trigger Systems into four categories:
Single parameter system Periodic observation of selected vital signs that are compared with a simple set of criteria with predefined thresholds, with a response algorithm being activated when any criterion is met.
Multiple parameter system Response algorithm requires more than one criterion to be met, or differs according to the number of criteria met.
Aggregate scoring system Weighted scores are assigned to physiological values and compared with predefined trigger thresholds.
Combination system Single or multiple parameter systems used in combination with aggregate weighted scoring systems.
Source: NICE. Acutely ill patients in hospital: Recognition and response to acute illness in adults in hospitals [4] 3 Development of Children's systems
One of the first UK children's studies aiming to improve early medical staff review in the potentially deteriorating patient was by Monaghan whose "Brighton Score" was a combination system [15] [ Table Four] The evidence validating its use was not particularly strong (the original audit contained only 30 patients who had triggered the system and there is no clear data presented on re-audit). However it is testament to the simplicity of the system that a version of the Brighton score is used in trusts outside of Brighton [16] with the score continuing to undergo validation. Monaghan notes in the paper, "Some staff could not see why we needed a score as they felt they were quite capable of recognising patients at risk". Implementation was also exacerbated by the additional paperwork that the score required on top of the normal observation chart (this was solved by incorporating the score into it). Engagement with staff is vital to ensure compliance, the introduction of an EWS at the Royal Free Hospital (London, UK) required over 16 iterations of a chart to be produced before a final version was agreed on ( At a similar time researchers in Australia [17] showed (without definitive statistical significance) the benefits of a medical emergency team (MET) to prevent cardiac arrest and death in an inpatient paediatric population. This study used nurse and doctor "worry" and range of physiological parameters as triggers.
Problems with EWS
It will always be difficult to quantify the effect the medical emergency team has over and above the education obtained from knowing that there is a team and what the criteria to call them are. Obviously controlling for this effect is extremely difficult. The Australian paper [17] demonstrated the low incidence of mortality in children ((0.19/1000) and hence the problem in using this as a relevant outcome measure. Despite this research on a MET being activated by an EWS has been replicated positively in other studies [18] . Tibballs et al [19] have recently looked specifically at systems to prevent in hospital arrest which shows a trend (both significant and non-significant) towards a reduction in cardio-pulmonary arrests in the studies reviewed. [22] systems were designed to be used by all staff to identify children needing PICU intervention as audits had demonstrated key critical signs were being ignored. Their charts followed an ABCDE approach [ Figure Two attached file].
Centres in Birmingham [23] and Yorkshire [24] used the Delphi method to design EWS which were subsequently validated. The Cardiff system has undergone a prospective evaluation and also applied the Australian MET system to its own unit [25, 26] . In both the Cardiff studies the systems had reasonable sensitivities but at the cost of low specificity and positive predictive value i.e few critically children were missed but a number of children activated unnecessarily. In these studies a number of children with completely normal observations [ Table Six ] had adverse outcomes meaning it is likely that no EWS will be 100% sensitive (i.e no children are falsely negative) As well as these systems which have been peer reviewed (but not necessarily validated) there are a variety of non-published scoring systems already in use across the UK. This profligation may demonstrate their use becoming more widely welcomed. However there is no one system that is universally favoured and the thorny issue of proving benefit continues to be an issue [27] . The lack of standardization in charts may indicate that departments or trusts were not keen on using systems borrowed or derived from others. The need to adjust, refine and test any system in its place of practice (regardless of its validation elsewhere) is supported by implementation theory [28] . It would be rational to suppose the introduction of an outside system into an unfamiliar environment is going to be fraught with difficulty. These problems with implementation and engagement had led the NHS Modernisation Agency to stipulate the positives and negatives of Track and Trigger systems (Table Seven) There is also the particular problem of which actual measures should be used in the score. In the last survey of EWS 36 different physiological and observational parameters were used [6] . There is already wealth of information on individual parameters prediction of serious illness. In a large cohort of febrile children presenting to a Childrens Emergency Department in Sydney, Australia there was evidence that "..for all serious bacterial infections, appearing generally unwell was the strongest diagnostic marker, with raised temperature, no fluid intake in the previous 24 hours, increased capillary refill time, and chronic disease also predictive [29] ". A smaller study in the UK, also based in an Emergency Department but prior to the introduction of the pneumococcal vaccine demonstrated developmental delay, risk factors for infection, alertness, level of temperature , capillary refill time, hydration status, respiratory rate and hypoxia to be relevant in the construction of a predictive model [29] . These studies and others indicate certain physiological, behavioural and background parameters maybe more beneficial than others in identifying illness. The studies producing this data tend to be aimed at identifying unwell children. An early warning score, because it is being utilised in an already unwell child, needs to identify relevant changes in parameters as well as the relevance of the individual parameter in its own right. A study looking at change in parameter against deterioration has not yet been formally performed.
Table Seven Track and Trigger Scoring Systems (Modernisation Agency 2003)
Positives Negatives
• Improve the quality of patient observation and monitoring
• Improve communication within the multidisciplinary team
• Allow for timely admission to intensive care
• Aid good clinical judgement
• Aid in securing appropriate assistance for sick patients
• Give a good indication of physiological trends
• Area sensitive indicator of abnormal physiology
• Are a red flag marker of potential or established critical illness
• Are not a predictor of outcome
• Are not a comprehensive clinical assessment tool
• Are not an indicator for immediate admission to intensive care
• Should never replace clinical judgement
Source: Department of Health and Modernisation Agency. The National Outreach Report [12] Finally there is the difficulty in defining serious illness in the context of a deteriorating child. For example a positive culture of an invasive microbiological organism is a reliable outcome measure. Asthma, renal or heart disease may also result in serious illness but grading the extent of severity is more difficult. Admission to paediatric high dependency or critical care area is often used in these cases as a surrogate measure of a child's illness. However increased frequency of medical review, medications, fluids or other interventions may also be a marker of quality of care and safety.
Being able to predict which children will go onto to develop illness of sufficient severity to be admitted to intensive care areas may enable treatment to be commenced earlier and therefore prevent admission and is the raison d'etre of EWS. However developing such a model based on individual parameters is problematic across different disease processes and types of hospital (for example if you don't have an on-site intensive care unit). The heterogeneity of previously published studies has limited the comparison of smaller versus larger hospitals. It would be reasonable to hypothesise that larger units may support response teams with greater skills thus improving outcomes. However this is also dependant on the action instigated by activation of the EWS being timely enough to prevent deterioration. The time-point of intervention is rarely recorded but may significantly imbalance the reported performance of a score [23] .
Systematic Review
The collation of available evidence on early warning scores has been difficult due to the very heterogenous nature of the research and the problems described above. A systematic review of the field was carried out in 2010 by Chapman and colleagues [7] . This body of work identified only eleven papers meeting the inclusion criteria of: research describing the development, testing or use of an EWS or activation of a MET in children hospital's outside of a critical care setting. The study confirmed the diversity of criteria used and commented on the low rate of studies examining interrater reliability in using the scores (which was only performed in one study). It is known the examination of key clinical signs differs according to both the sign itself [31] Although the authors felt the downside of unvalidated systems maybe to increase admissions to intensive care they believed there maybe a total reduction in actual bed days [33] . Not included in the systematic review was a large multinational study looking at EWS which has been published recently [34] . This study found that a beside PEWS (which had previous been published) was able to distinguish "sick" (those patients admitted unexpectedly to an intensive care unit) from "well" in-patients with at least one hours notice. This is the first study in which a score has been validated across sites (4 university hospitals in this case). Although the study was prospective the authors noted the data collected was routine observations and the staff involved were not aware of the Bedside PEWS system and its component items (heart rate, systolic blood pressure, capillary refill time, respiratory rate, respiratory effort, transcutaneous oxygen saturation and oxygen therapy). This meant that the data was not identical for the case and control patients. Interestingly in the 23288 hours studies only 5.1% of patients had all seven items recorded.
The future of EWS
EWS are increasing in use, are recommended by national reports and appear to predict deterioration in a subset of patients. However the difficulties in validation have made a robust evidence base difficult to demonstrate. For those groups currently using EWS a reflection on the role it is playing and how effective it is maybe necessary. For those interested in introducing a system it may be pragmatic to consider the following [ Table  Eight ] Table Eight Considerations prior to introduction of an EWS 1. What is the patient group the EWS will be used on?
2. What outcome are you looking to alter?
3. What type of EWS would you like to introduce?
4 Is there a current system you could employ?
5. How will you engage and be responsive to the concerns of the stakeholders?
6. How will you monitor its effect?
The NHS Institute for Innovation and Improvement have produced an information portal regarding EWS which provides information on implementing and assessing change (http://www.institute.nhs.uk/safer_care/paediatric_safer_care/paediatric_safer_care.ht ml.)
It will be important for researchers to clarify the difference between illness identification systems at the "front door" to healthcare services and those used on inpatients although it may be possible, and in fact desirable, to combine systems to aid communication during the patient journey. A more fundamental question, given the difficulty in validating in different health care locations, and noting the potential educational benefits it provides, is whether the use of the system is more important than its outcome?
Given the financial pressures on healthcare services in the immediate future the costs of implementing EWS must be defined. This however is difficult as little of the development, implementation and outcomes are fixed quantities. Education and training of staff, for example, occurs over time due to the fluid health care workforce. Maintaining engagement and uptake requires staff with named EWS responsibilities but this varies on the size of department. Savings, such as reduced stays on PICU, may be easier to classify but determining an absolute reduction in days will to some extent be connected to whether the unit is on or off site. Litigation costs vary hugely and although protecting against one child with long term disability as a result of failed recognition of septicaemia is a persuasive emotional argument to commissioners it is harder to judge a true financial burden. Calls for national initiatives to examine these issues including the need for collaboration between the major organistions involved with child health such as the Royal Colleges of Paediatrics and Child Health (RCPCH) and Care Quality Commission have already been made [35] .
A number of EWS are available, some published and some not. Strict methodological assessment would indicate there is a lot of work still to be done in proving their benefit. However it is important, for the safety and health of children, that mechanisms exist to be able to recognise and respond to the potentially deteriorating child in any health care setting. National guidance suggests that these mechanisms must be established. There may be no one type of EWS that can effectively and efficiently do this given the range of different health care settings and patient acuities that exist. An ideal EWS may in fact be one that is locally derived but based on previous positive (and preferably validated research), which has engaged staff and delivers on designated outcomes .
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